Abstract The study was designed to evaluate the antioxidant activity and effect of Cymbopogon martinii (Roxb.) Wats. (Poaceae) leaves on the activity of monoamine oxidase and kinetics of enzyme inhibition. Ethanol extract of C. martinii and rat brain mitochondrial monoamine oxidase preparation ware used to study the kinetics of enzyme inhibition using double reciprocal LineweaverBurk plot. The DPPH was used as a source of free radical to evaluate antioxidant potential. It is observed that, the ethanolic extract of C. martinii inhibits the monoamine oxidase activity with competitive mode of inhibition. The V max (0.01 mM/min) remained constant while, K m varied from 21.00 ± 1.1, 43.33 ± 1.5 and 83.33 ± 1.4 mM for 100-500 lg/ml concentration of C. martinii. The K i values were calculated to be 90.00 ± 0.87, 75.00 ± 0.69, 68.18 ± 0.68 lg for 100-500 lg/ml concentration of C. martini. It also shows a significant DPPH (1,1-diphenyl-2-picryl hydrazine) radical scavenging (IC 50 = 0.34 ± 0.05 mg/ml) and reducing activity (IC 50 = 0.70 ± 0.22 mg/ml). The C. martini can be considered as a possible source of MAO inhibitor used in the treatment of depression and other neurological disorders.
Introduction
There have been tremendous fast socioeconomic transformations occurring in the majority of the developed and developing countries, which have drastically changed the life style of the people. As a result of this the life has become stressful and invited the health problems like depressive disorders, including major depression and dysthymia which are in fact is the serious disabling illnesses. The rough estimate shows that on an average one in five persons is affected by a mood disorder at some point [1] . The treatment of depressive disorder is not cost effective. In the United States, the estimated costs of treating depression and the costs incurred by lost productivity exceeded $44 billion in 1990 [2] , which at present might have increased many folds. The issues of searching more effective and safe anti-depressant agents have gained significance because of high mortality rate of depression disorders and their affiliations in impairment of other routine physiological processes. An alarming estimates has been issued by the World Health organization stating that the major depression is now the fourth most important cause worldwide of loss in disability-adjusted life-years and will be the second most important cause by 2020 [3] .
Monoamine oxidase (MAO) [EC 1.4.3.4.] is a flavin adenine dinucleotide (FAD) containing enzyme which catalyzes the oxidation of amines to the corresponding aldehydes or acid metabolites ( Fig. 1) and is located on the mitochondrial outer membrane [4] . The discovery of the therapeutic activity of monoamine oxidase inhibitors (MAOIs) was due to the recognition of an important clinical side effect. Patients who had been treated with an antituberculosis drug, iproniazid, displayed a profound mood elevating side effect [5, 6] . Although MAO inhibitors prescribed as frequently as other antidepressants, their importance in the mainstream of antidepressant drugs is indispensable due to their usage in the treatment of psychiatric and neurological disorders. A vast body of literature and therapeutic interest in MAO inhibitors has also increased in recent years because of their implications and possible role in the amelioration of neurological disorders [7] . MAO Inhibitors are quite effective in the pharmacotherapy of various mood and anxiety disorders, such as atypical depression, panic disorder, and social phobia [8, 9] .
In the traditional and alternative medicines, herbs have been used as therapeutic agents since ancient times. Man has always searched and appreciated the herbs that heal the body and soothe the mind. Around 20,000 herbal species have been used in the healthcare by various cultures all over the world. Medicinal herbs are also reputed for the management of psychotropic and behavioral disorders such as anxiety, depression, seizures, poor memory, dementia, insomnia, and drug intoxication [10] . The Cymbopogon martinii is an aromatic grass having sweet and pleasant aroma and occurs almost in every state of Indian subcontinent. It is popularly known as Palmarosa, the inflorescence of this plant is a good source of 'geraniol' rich commercially important essential oil. Palmarosa oil is used to impart a rose like aroma to a wide range of perfumes, soaps, cosmetics, toiletry and tobacco products [11] .
In the present investigation the ethanol extract of C. martinii was evaluated for the inhibition of rat brain MAO. The activity measurements and kinetic studies have been carried out to understand the nature of MAO inhibition. The antioxidant potential has been demonstrated using DPPH radical scavenging and reducing activity.
Materials and Methods
Benzylamine, semicarbazide, dinitrophenylhydrazine were obtained from S.D. Fine Chemicals Ltd. Mumbai, DPPH (2,2-diphenyl-1-picryl hydrazine) was procured from Sigma-Aldrich Co. (St. Louis MO, USA). The plant, C. martinii was collected from the nearby field of Nanded city (MS) in the month of August 2009, the plant was identified and authenticated by Rajesh N. Gacche, Reader in the Dept. of Botany, School of Life Sciences and the voucher specimen was deposited in the herbarium of the host institute. All other chemicals used were of AR grade and were purchased from commercial sources.
Extraction of Plant Samples
The shade dried and powdered 10 g of leaves of the plant sample was placed in Soxhlets extraction apparatus containing ethanol. The process of extraction was carried up to 8 h. The final extracts were air dried and maintained at 4°C for further studies. The final yield of the ethanol extract was estimated to be 53.77%.
Preparation of Rat Brain Mitochondrial MAO
The isolation of rat brain mitochondria was carried out as per the method reported by Satav and Katyare [12] . In brief; the brain tissue was homogenized in the buffer containing 0.3 M mannitol, 0.1 mM EDTA, and pH 7.4. Homogenate was centrifuged at 6009g for 10 min at 4°C. The supernatant was collected and followed by centrifugation at 10,0009g for 10 min at 4°C to obtain the brain mitochondria. The mitochondrial pellets thus obtained were washed three times with 0.25 M sucrose buffer containing 0.1 mM EDTA, pH 7.4, resuspended in 0.25 M sucrose buffer, pH 7.4 and stored at 4°C for further studies.
Determination of Protein, Assay and Activity Measurements of MAO
The protein concentration was determined by using a method of [13] , the assay of MAO and activity measurement of MAO with different concentrations (100-500 lg/ ml) of C. martinii was performed as per the methods [14, 15] with slight modification. In brief the reaction mixture contained 0.025 M phosphate buffer of pH 7, 0.0125 M semicarbazide, 10 mM benzylamine (pH adjusted to 7), and 0.67 mg of enzyme and ethanol extract of C. martinii (100-500 lg/ml) in a total reaction volume of 2 ml. After 30 min. 1 ml of acetic acid was added and boiled for 3 min in boiling water bath followed by centrifugation. The resultant supernatant (1 ml) was mixed with equal volume of 0.05% of 2, 4-DNPH and 2.5 ml of benzene was added after 10 min incubation at room temperature. After separating the benzene layer it was mixed with equal volume of 0.1 N NaOH. Alkaline layer was decanted and heated at 80°C for 10 min. The orange-yellow colour developed was measured at 450 nm. One unit of enzyme activity was defined as the amount of enzyme which caused an increase in absorbance of 0.001 min -1 at 450 nm at 25°C and pH 7, which corresponds to the formation of 0.01 lM of product.
Kinetics of MAO Inhibition
To understand the nature of MAO inhibition, sets of three concentrations of ethanol extract of C. martini (100-500 lg/ml) were used and compared with the kinetic behavior of a control set. For kinetic studies the enzyme concentration and total volume of reaction mixture was kept constant but the substrate concentration (benzylamine) varied (10-30 mM).
Determination of DPPH Radical Scavenging Activity
The DPPH radical scavenging assay was carried out according to a reported method [16] . The reaction mixture contained different concentrations of plant sample (100-500 lg/ml, in absolute ethanol) and DPPH radical (10 -4 M in absolute ethanol) solution. The contents of the reaction mixture were observed spectrophotometrically at 517 nm for 20 min. Ascorbic acid (1 mM) was used as a reference compound. The DPPH radical scavenging activity (%) was calculated by using following formula,
where T is the absorbance of test sample, and C is the absorbance of control sample at 517 nm.
Reducing Activity of C. martinii
The principle of the reduction assay is that the reducing agents reduce the Fe 3? to Fe 2? . Higher absorbances (as compared to control) of the reaction mixture indicate greater reducing power [17] . The reducing power of the C. martinii ethanol extract was determined by the method of Oyaizu. In brief, the C. martinii extract (0.75 ml) at various concentrations (100-500 lg/ml) was mixed with 0.75 ml of phosphate buffer (0.2 M, pH 6.6) and 0.75 ml of potassium hexacyanoferrate (K 3 Fe(CN) 6 ) (1% w/v) followed by incubating at 50°C in water bath for 20 min. The reaction was terminated by adding 0.75 ml of trichloroacetic acid solution (10%) and then centrifuged at 8009g for 10 min. 1.5 ml of supernatant was mixed with 1.5 ml of distilled water and 0.1 ml of ferric chloride (FeCl 3 ) solution (0.1% w/v) for 10 min. The absorbance at 700 nm was measured as the reducing power. Ascorbic acid (1 mM, 155.7%) was used as a reference compound. The values of absorbances obtained were multiplied by a factor of 100 for the calculation of % reducing power.
Results and Discussion
The results of the effect of ethanol extract of C. martinii on activity of MAO have been summarized in Table 1 . The results obtained focus the concentration dependent inhibition of rat brain MAO activity (c = -0.16). There are several categories of MAO inhibitors which belong to a variety of chemical classes such as isoquinolines, tetrahydroisoquinolines [18] , oxadiazoles [19] and natural xanthones [20] . In addition, oxygen-containing phytochemicals such as coumarin, xanthone, thioxanthone have been reported to inhibit MAO activities. Flavonoids, a naturally occurring group of plant phenolics, have been reported to possess MAO inhibitory activities. Some of the notable flavonoids investigated for MAO inhibition include leuteolin, quercetin, apigenin, chrysin, genistein and daidzein. Equally the plant derived coumarins such as aesculetin, aesculetin-7-methyl ether and scopoletin have been attributed with MAO inhibition. Of the reported flavonoids apigenin has been shown to be the highly effective inhibitor of mouse brain MAO [21] . Moreover variety of other plant derived compounds such as isoquinoline [22] , xanthones [23] stilbenoids [24] and coumarin derivatives [25] have been identified as MAO inhibitors. The presence of abovementioned ethanol soluble phytochemicals in the C. martinii may be the possible cause for the inactivation of rat brain MAO. The profile of antioxidant activities of the C. martini has been summarised in Table 2 . The results of the antioxidant assays performed demonstrate that the ethanol soluble contents of the C. martini show a concentration dependent stabilization of DPPH radicals and reducing activity. In recent years it has been critically investigated that the catecholamines manifest a crucial role in the generation of reactive oxygen species. radicals thus generated are further implicated in the generation of hydroxyl (OH) radicals, the most powerful and hyper reactive free radicals involved in insulting the cellular functions [26] . Therefore the prescription of MAO Inhibitors either as anti-depressant or in neuroprotection warrants the supplementation of antioxidant agent. The DPPH radical scavenging activity and the reducing ability of the C. martini can be attributed to the presence of redox active substances such as ascorbic acid, glutathione, flavonoids, tocopherols, carotenoids, hydroxycinnamic acids, coumarins etc. reported to occur in plant kingdom [27] .
The results of the kinetic studies of MAO inhibition using different concentrations (100-500 lg/ml) of ethanol extract of C. martini were plotted as double reciprocal Lineweaver-Burk plot (Fig. 2) . The results show the competitive mode of MAO inhibition. The V max (0.01 mM, min -1 ) remained constant while the K m varied from 21.0 ± 1.1, 43.33 ± 1.5 and 83.33 ± 1.4 mM for 100-500 lg/ml concentration of ethanol extract of C. martini as compared to control (10.0 mM). The kinetic constant K m which is basically a substrate concentration signifies the extent of affinity of an enzyme with its substrate. The calculated K m values of the present investigation also signifies that with increase in the concentration of The results shown here are the mean values of n = 3 ± SD C. martini there is corresponding increase in K m indicating the decrease in affinity of MAO for its substrate. The decrease in K i in relation to increase in concentration of C. martini also indicates the effective inactivation of MAO at higher concentrations. The phytochemicals such as derivatives of naphthoquinone, acetylshikonin and shikonin are described as competitive inhibitors of MAO [28] .
Besides the less frequency of MAO Inhibitors prescriptions for the treatment of depressions, the new line of research suggest the multifaceted attributes of currently available MAO Inhibitors. The importance of MAO Inhibitors has also been focused and signified in the treatment of neuropsychiatric disorders and associated diabetes and cardiovascular disease [29, 30] .
In conclusion, the present study demonstrated that the ethanol soluble contents of the C. martini inhibit rat brain MAO activity in a competitive manner. Moreover the sample also possesses significant antioxidant potential: a supplementary need while prescribing MAO Inhibitors. These results suggest that C. martini can be considered as a possible source of MAO inhibitor used in the treatment of depression and other neurological disorders. However, further pharmacological studies such as in vivo MAO inhibition and toxicity profile of C. martini are needed for categorizing it as an effective antidepressant herbal ingredient.
